In compatible with the cholinergic nature of their sudorific innervation, the eccrine sweat glands in the foot pads of the dog have been confirmed to be richly supplied with cholinesterase-positive nerve fibers (Aoki 1964 ). In addition, these glands characteristically contain abundant cholinesterase in the secretory cells themselves. Such an outstanding feature of the sweat glands of this animal was first described by Hellmann (1955) and was later confirmed by Winkelmann and Schmit (1959) and Aoki (1964) . On the basis of substrate preference and the actions of selective cholinesterase inhibitors, the cholinesterase in these glands was proved to be of pseudo type almost exclusively (Aoki 1964) . It was also demon strated by Aoki (1966) that the cholinesterase in the glandular cells is abundantly discharged into the sweat. However the functional role of this enzyme is still remains to be elucidated.
As early as 1879, Bochefontaine described that the new-born dogs failed to show any evidence of sweat response to sciatic nerve stimulation and to pilocarpine in the foot pads, though he did not mention exactly the age of the animals used.
On the other hand, Takahashi (1964) , who made an extensive study on the func tional activity of the sweat glands in the dog foot pads, confirmed that the ability to sweat spontaneously and in response to the pharmacological stimulations was remarkable in the puppies aged 1 -3 months. It may be erroneous to compare with both data each other, because the method used by Bochefontaine for detecting sweat secretion is probably far less sensitive and precise as compared with the techniques currently employed. However that may be, these accounts lead us to assume that the sweating ability in the canine foot pads would develop during the first month of postnatal life.
Recently the author noticed incidentally that the sweat glands in the paw of the neonatal puppies were almost free of cholinesterase activity in the coiled portion. This finding suggested that the cholinesterase activity in these glands would also develop postnatally.
In view of these it seemed of interest to know whether there is any correlation between the developmental course of secretory activity and that of cholinesterase activity of the canine eccrine sweat glands after birth. The present work was designed to follow the postnatal development of secretory function of the sweat glands in the paw of the dog, in special relation to the cholinesterase activities associated with these glands.
MATERIALS AND METHODS
Thirty-one puppies of both sex were used for the present study. The sweating ability in the toe or central pads, spontaneous and in response to the direct pharmacological stimulations, was repeatedly examined through the postnatal period of from very early days of birth up to the age of 6 months. In some of them it was examined over one year after birth.
All of the experimental animals were kept, throughout the period of observations, in cages which were provided with soft material such as straw on the bottom, since the con tinuous contact or rubbing of the foot pads with hard floor enhances the cornification of their skin and often leads to the disturbance of sweating ability.
The sweating was visualized by the iodine-starch method of Wada-Takagaki (Wada and Takagaki 1948; Wada 1950) . When the pad skin to be tested was widely blackpigmented, the titanium-iodinestarch method of Takahashi and Wada (Wada et al. 1962 ) was applied. As the pharmacological stimulations to the sweat glands mecholyl chloride (Merck) was used in all cases. In some cases pilocarpine hydrochloride (J.P.) was also tested. These agents were dissolved in physiological saline solution to appropriate concentrations just prior to the tests and 0.1-0.4m), depending on the size of the pad, was injected sub cutaneously into the pad of the foot to be examined. When the foot pads produced spontaneous sweating, it was necessary to annul it beforehand, which was achieved in the toe pads by infiltrating 2% procaine at the basis of each toe.
The skin biopsies for the histochemical observation of cholinesterase were obtained from the toe pads under the block anaesthesia with 2% procaine at various postnatal days . The frequency of taking specimens was much focused to the period of the first one month after birth, during which the functional development of the sweat glands was presumed to occur.
For the histochemical demonstration of cholinesterase , the Gomori's modification (1952 ous sweating, both almost in parallel, gradually became less remarkable. The declining rate differed according to the animals. However, except a few cases which lost the ability to sweat in the foot pads almost completely within 4 months after birth, most of the dogs examined still retained more or less the sweating function, though less evident, at least up to the age of 5 to 6 months. In 3 dogs among them the ability to sweat, both spontaneously and in response to the pharmacological stimulations, was found to be well maintained over one year of the postnatal life without showing any sign of conspicuous decrease.
Postnatal development of cholinesterase activity
Eighty-six biopsies were taken from the toe pads of 28 dogs at various days after birth, and these were subjected to the histochemical examination of cholin esterase.
In all of the specimens from puppies within a few days of age, the sweat glands were found to be almost devoid of cholinesterase reaction in the coiled portion to both acetylthiocholine and butyrylthiocholine (Fig. 2-A) , though some of the glands partially showed very slight reaction only to butyrylthiocholine.
In contrast to such a neglegible cholinesterase activity in the sweat glands, the nerve fibers surrounding the glandular segments were confirmed to be already definitely reactive to both acetylthiocholine and butyrylthiocholine in these very early postnatal days (Fig. 2-A) , the reaction to the former far exceeding that to the latter as was pointed out in the previous report (Aoki 1964) . As the age of the animals advanced, the cholinesterase activity in the gland coil gradually developed, and in the specimens from 1-2 weeks old puppies, the majority of the glands revealed fairly definite cholinesterase reaction in the coiled segments, though still rather slight or intermediate in the overall reaction inten sity, butyrylthiocholine always giving stronger reaction than acetylthiocholine. The maximum enzyme activity seemed to be reached in about 4 -5 weeks after birth in most cases (Fig. 2-B) , which roughly corresponded with the age when the secretory function of the sweat glands was nearly established.
Thereafter such a full enzyme activity was seen to be maintained through the period of present observation, though the reaction intensity somewhat differed according to the animals and also between the individual gland in the same animal. As described above, the secretory activity of the sweat glands in most of the dogs gradually declined usually after 3 -4 months of age. However, the cholinesterase activity in the glands did never show a tendency to diminish following the decline of gland function. Rather an impression was often gained that the sweat glands in such foot pads which underwent a remarkable decrease in the sweating ability revealed an intensified cholinesterase reaction as compared with those in the foot pads which still maintained a good ability to sweat.
DISCUSSION
In the present study it was found that the sweat glands in the paw of the dog were already supplied with cholinesterase-reactive nerve fibers from the very early days of birth. In spite of this, all of the neonatal dogs examined were completely devoid of ability to produce spontaneous sweating of central origin in the foot pads for certain period of postnatal life. The period of absence of sweating differed from animal to animal, but in the majority of them it lasted for about 2-3 weeks after birth. The present study also confirmed that during the period of absence of spontaneous sweating the sweat glands themselves were entirely unresponsive to the direct stimulation with sudorific agents, and that the postnatal development of spontaneous sweating ability roughly paralleled that of the pharmacological responsiveness of the sweat glands. From these findings it seems quite reasonable to consider that the lack of spontaneous sweating in the very young puppies is largely due to the immatureness of the secretory function of the sweat glands themselves, though the possibility also cannot be excluded that the incomplete establishment of the functional sudomotor innervation, including the sudomotor center, is additionally responsible for it.
So far as we are aware, the eccrine sweat gland in the dog foot pad stands out as the only sweat gland which exhibits strong cholinesterase activity in the secretory cells. This cholinesterase in the canine eccrine sweat gland was proved to be of pseudo type almost exclusively (Aoki 1964) . Among the exocrine glands other than sweat gland, the pancreas of the dog (Hebb and Hill 1955) and guinea pig (Gerebtzoff 1953 (Gerebtzoff , 1959 , and the salivary glands in some rhodents (Bertrand 1955; Dumont 1955; Gerebtzoff 1959; Snell 1959 ) also have been reported to contain abundant pseudocholinesterase in their acinar cells. Many suggestions have been proposed on the role of this enzyme in these exocrine glands (Hebb and Hill 1955; Gerebtzoff 1959; Snell 1959 ). However, its functional significance is still far from clear.
It appears unlikely that the pseudocholinesterase in the dog sweat glands participates in the cholinergic transmission mechanism in the neuro-glandular junction. The cholinesterase in the secretory cells is not localized to the cell membrane, but is distributed in the cell cytoplasma (Aoki 1964 ). So far, nothing particular has been found in the secretory function of the eccrine sweat glands in the dog as compared with those in other animals as well as in man. Recently it has been observed that acute inhibition of pseudocholinesterase in the dog sweat glands without interfering with the specific cholinesterase in the sweat nerves, which could be achieved by local administration of selective pseudocholnesterase inhibitor into the foot pads, failed to exert any discernible effects on the secretory activity of the glands (unpublished data). These find ings, coupled with the fact that the sweat glands, both eccrine and apocrine, in most of other species of mammals including man are free of cholinesterase, would be enough to exclude the possibility that this enzyme is associated with the funda mental process of sweat production or secretion.
In the present study it was found that the age of the dog when the cholin esterase activity in the sweat glands was postnatally established roughly corresponded with that of establishment of the secretory function of the glands , though the developmental course of the former somewhat preceded that of the latter . This finding suggests, though rather speculative, that this enzyme might perform some important role in the process of postnatal development and establishment of the secretory activity of the sweat glands in the dog foot pads. One of the possible approach for obtaining more direct evidence for such assumption is to study the effect of selective impediment of the cholinesterase development in the sweat glands after birth on the postnatal development and establishment of the secre tory function of this organ.
In agreement with Takahashi (1964) , the ability to sweat in most of the dog foot pads gradually declined after reaching its maximum in 2 -3 months of age. However the cholinesterase in the sweat glands maintained its high activity even after the decline of gland function, and it rather often showed a tendency to be increased in the reaction intensity following the advance of age. The cause of decline in the sweating ability following the age advances still remains undeter mined. Whatever may be the cause, however, it may be probable that the decline of sweating activity would result in the accumulation of cholinesterase in the sweat glands, which is otherwise to be constantly discharged into sweat (Aoki 1966) , and would lead to give an apparent intensified reaction.
The finding that the sweat glands in the puppies which maintained a good ability to sweat throughout the period of observation failed to show such an increased cholinesterase reaction may lend a support for this assumption.
